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[57] ABSTRACT 

A coronary-bypass method uses a collapsible stent made 
of a biocompatible material and having an inherent 
spring bias tending to form the stent into a substantially 
tubular opened configuration. The stent is disposed in a 
wall of a patient's heart so that the stent extends be- 
tween the left ventricle of the heart and a coronary 
artery. Upon placement, the stent opens and allows 
blood to flow from the left ventricle into the coronary 
artery during diastole and is closed by heart contraction 
during systole. 

18 Claims, 4 Drawing Sheets 
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artery and ejecting the stent from a distal end of the 

CORONARY ARTERY BY-PASS METHOD catheter into the heart wall. 

Preferably, a perforation is formed in the heart wall 

CROSS-REFERENCE TO RELATED prior to the ejection of the stent from the catheter. The 

APPLICATION 5 perforation or opening may be formed by ejecting a 

. . _ rTi o n needle into the heart wall from the distal end of the 

This application is a ^^W^ °/ catheter and/or pushing a rotating drill head into the 

tent application te. No. 07/969,747 filed Oct. 30, 1992, ^ ^ from ^ ^ ^ Qf ^ 

now U.S. Pat. No. 5,287,861. ^ fonnation of ^ perforation in the heart wall and 

BACKGROUND OF THE INVENTION 10 the ejection of the stent into the perforation may be 

. , _ „ . more easily implemented during diastole. In that event, 

This invention relates to a method for effectuating a ^ computer may be ope rated to synchronize the perfora- 

coronary artery bypass. tion formation and the stent ejection with the rhythm of 

Coronary arteries frequently become clogged with ^ heart 

plaque which at the very least impairs the efficiency of l5 Pursuant t0 f ea tu r e of the present invention, 

the heart's pumping action and can lead to heart attack. a collapsed ^fla^ie ba u oon may be ejected or inserted 

The conventional treatment for a clogged coronary ^ the gtent ^ ^ heart wall from the end of 

artery is a coronary by-pass operation wherein one or ^ ^ stent surroun ds the balloon. The bal- 

more venous segments are inserted between the aorta lQon ^ thefl ^ the stent expanded upon ejec- 
and the coronary artery. The inserted venous segments 20 tion of the ba rjoon and the stent into the heart wall, 

or transplants by-pass the clogged portion of the coro- Pursuant to yet another feature of the present inven- 

nary artery and thus provide for a free or unobstructed ^ %hc balloon ^ tbe ^enl m inserted into the heart 

flow of blood to the heart. wa y over a g mde wie, the method further including 

Such conventional coronary artery by-pass surgery is ^ step of msertmg g^dc wire into the perforation 
expensive, time-consuming, and traumatic to the pa- 25 m the heaft waU prior tQ ^ ejection of the collapsed 

tient. Hospital stay subsequent to surgery and convales- ba u 00n the stent from the distal end of the catheter, 

cence are prolonged. A coronary artery by-pass method in accordance 

OBJECTS OF THE INVENTION with the present invention may also comprise the steps 

in of W inserting a distal end portion of the catheter into 
An object of the present invention is to provide a new 30 ^ perforation in the heart wall prior to the ejection of 

method for performing a coronary artery by-pass opera- the stent> ^ sen sing pressure on the catheter along the 

tion. 4 distal end portion, thereby determining a thickness of 

Another object of the present invention is to provide tne heart wall at ^ e perforation, and (c) cutting the 

such a method which is less invasive and less traumatic stent from a piece Q f stent material so that the stent has 

to the patient than conventional by-pass surgery. a length corresponding to the thickness of the heart wall 

An additional object of the present invention is to at ^ perforation, 

provide such a method which is less expensive than According to another feature of the present' inven- 

conventional by-pass surgery- tion, the stent has an inherent spring bias tending to 

A more particular object of the present invention is to f onn the stent into the opened configuration. In that 

provide such a method which requires no incision case> tne method in accordance with the present inven- 

through the chest wall. tion further comprises the steps of (i) opening the stent 

Yet another object of the present invention is to pro- and thereby allowing blood to flow from the left ventri- 

vide a catheter assembly for use in performing the c i e m to the coronary artery during diastole and (ii) 
method of the invention. 45 closing the stent by heart contraction during systole. 

These and other objects of the present invention will Alternatively, the stent is provided with a one-way 

be apparent from the drawings and detailed descriptions valve. In that event, the expanded stent is maintained in 

herein. an expanded state during both diastole and systole, 

_ TllTTrT .^ nxi Blood flows from the left ventricle into the coronary 

SUMMARY OF THE INVENTION ^ ^ ^ during systole ^ is biocked 

A cardiovascular treatment method comprises, in from returning into the left ventricle through the stent 

accordance with the present invention, the steps of (a) during diastole. 

providing a stent made of a biocompatible material, (b) A method for supplying blood to the heart comprises, 

moving the stent in a collapsed configuration through a in accordance with another conceptualization of the 

blood vessel of a patient's vascular system to a coronary 55 present invention, the steps of (1) forcing blood from 

artery, and (c) upon the disposition of the stent in the the left ventricle of the heart during systole and directly 

coronary artery, disposing the stent in a wall of the into a coronary artery through a stent disposed in a wall 

patient* s heart so that the stent extends between the left of the heart and (2) closing a valve in the stent during 

ventricle of the heart and the coronary artery and ex- diastole to block a return of blood from the coronary 

tends only within the wall and not into the left ventricle 60 artery into the left ventricle. 

or the coronary artery. Upon the disposition of the stent A method in accordance with the present invention 

in the heart wall, the stent is expanded from the col- greatly reduces the expense of coronary surgery, as 

lapsed configuration to a substantially tubular expanded well as the trauma to the patient and the convalescence 

configuration so that a flow path is formed from the left required after the by-pass operation. A coronary artery 

ventricle to the coronary artery. 65 by-pass operation in accordance with the present inven- 

Pursuant to another feature of the present invention, tion may be performed by a radiologist, through the 
the disposition of the stent in the heart wall includes the vascular system of the patient. Accordingly, only one 
steps of inserting a catheter into the clogged coronary or two small incisions in the patient are necessary. 
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2A. Upon contraction of the surrounding heart muscle 
BRIEF DESCRIPTION OF THE DRAWING ^ ^ systolic phase ofa cardiac cycle, stent 12 is forced 

FIG. 1 is a schematic cross-sectional view of a human closed, thus blocking or preventing blood flow between 
heart, showing a stent in the wall of the heart for form- ventricle LV and coronary artery CA, as represented 
ing a bypass shunt between the left ventricle and a coro- 5 by an arrow 18 in FIG. 2B. FIG. 2A shows coronary 
nary artery, in accordance with the present invention. artery CA in a partially collapsed configuration charac- 

FIG. 2A is a partial cross-sectional view, on a larger teristic of diastole. Other drawing figures herein show 
scale, showing the stent of FIG. 1 in an opened or ex- coronary artery CA expanded for purposes of illustra- 
panded configuration allowing blood flow into the cor- tion simplification and clarity. 

onary artery during diastole. 10 As illustrated in FIG. 3A, implantation or disposition 

FIG. 2B is a partial cross-sectional view similar to of stent 12 in heart wall HW begins with the insertion of 
FIG. 2A, showing the stent in an closed configuration a catheter 20 through the aorta AO (FIG. 1) and into 
blocking blood flow between the ventricle and the cor- coronary artery CA. In artery CA, catheter 20 is forced 
onary artery during systole. past blockage BL so that the distal tip 22 of catheter 20 

FIGS. 3 A-3E are partial cross-sectional views show- 15 is disposed in a desired location opposite heart wall 
ing successive steps in the implantation of a stent in a HW. Catheter 20 has a steerable tip, as discussed more 
method in accordance with the present invention. fully hereinafter with reference to FIG. 4, so that distal 

FIG. 4 is partially a block diagram and partially a side tip 22 may be controllably oriented to face wall HW, as 
elevational view on an enlarged scale of a catheter as- indicated in FIG. 3A. 

sembly in accordance with the present invention for use 20 Upon a bringing of distal tip 22 into contact with wall 
in executing a method in accordance with the present HW, a rotary head 24 of a surgical drill is ejected from 
invention. distal tip 22, as shown in FIG. 3B. Head 24 is rotated 

FIGS. 5A-5C are partial cross-sectional views show- during a pushing of catheter 20 in the distal direction, 
ing successive steps in the implantation of a stent in thereby forming a perforation or passage in heart wall 
another embodiment of a method in accordance with 25 HW. A distal end portion 26 of catheter 20 including tip 
the present invention. 22 is inserted into the perforation in the heart wall HW 

FIGS. 6A-6C are partial cross-sectional views show- during the formation of the perforation by drill head 24, 
ing successive steps in the implantation of a stent in yet as depicted in FIG. 3C. 

another embodiment of a method in accordance with Upon the disposition of distal end portion 26 of cathe- 
the present invention. 30 ter 20 in heart wall HW, the surgical drill is withdrawn 

FIG. 7A is a partial cross-sectional view, similar to from the catheter. Stent 12 is then inserted in a col- 
FTG. 2 A, showing an operative configuration of an- lapsed configuration down catheter 20. A push rod (not 
other stent placed in a heart wall in accordance with the shown) may be used to position stent 12 in distal end 
present invention, the stent having an opened one-way portion 26 of catheter 20 so that the stent is coextensive 
valve allowing blood flow into the coronary artery 35 with heart wall HW. 

during systole. Upon the positioning of stent 12 in a collapsed config- 

FIG. 7B is a partial cross-sectional view similar to uration inside distal end portion 26 of catheter 20, cathe- 
FIG. 7A, showing the stent with the valve closed to ter 20 is withdrawn from heart wall HW, while stent is 
block blood flow between from the coronary artery to maintained in position relative to heart wall. Upon the 
the ventricle during diasystole. 40 consequent ejection of stent 12 from distal tip 22 of 

FIG. 8A is a schematic transverse cross-sectional catheter 20, as illustrated in FIG. 3D, stent 12 automati- 
view of another coronary by-pass stent in accordance cally expands from its collapsed configuration, pro- 
with the present invention, showing the stent in a col- vided that heart PH is in a diastolic phase of a cardiac 
lapsed, pre-insertion configuration. cycle. Subsequently to the completed ejection of stent 

FIG. 8B is a schematic transverse cross-sectional 45 12 from catheter 20, catheter 20 is withdrawn, as illus- 
view of of the coronary by-pass stent of FIG. 9 A, show- trated in FIG. 3E. 

ing the stent in an expanded collapsed, post-insertion FIG. 4 shows an angioplastic surgical device for use 
configuration. in the method described above with reference to FIGS. 

FIG. 9 is a schematic side perspective view, on an 3A-3E. The device includes catheter 20 insertable into 
enlarged scale and partially broken away, of a modified 50 aorta AO and coronary artery CA. Steering componen- 
coronary by-pass stent for use in a method in accor- try including a plurality of wires 28 and an orientation 
dance with the present invention. control actuator 30 is connected to catheter 20 for en- 

abling an operator to control, from outside the patient, 
DETAILED DESCRIPTION ^ or i entat i 011 0 f distal tip 22 of catheter 20 upon inser- 

As illustrated in FIG. 1, a coronary artery by-pass is 55 tion of the catheter into the patient A pressure sensor 
accomplished by disposing an alternately collapsible assembly 32 is operatively connected to catheter 20 for 
and expandable stent 12 in a wall HW of a patient's measuring the length of distal end portion 26 which is 
heart PH. Stent 12 extends from the left ventricle LV of coextensive with heart wall HW upon completion of 
heart PH to a clogged coronary artery CA at a point the catheter insertion (FIG. 3C). Pressure sensor assem- 
downstream of a blockage BL. Stent 12 is made of a 60 bly 32 may include a multiplicity of strain gauges 34 
biocompatible material and has an inherent spring bias embedded in distal end portion 26, the strain gauges 
or memory tending to form the stent into a substantially being connected to a current sensor array 36 and a 
tubular opened configuration (FIG. 2A) during the voltage source 38. Current sensor array 36 is in turn 
relaxation of the surrounding heart muscle during the connected to a logic circuit 40 which determines the 
diastolic phase of a cardiac cycle. Stent 12 thus opens a 65 length of that portion of catheter 20 at a distal end 
passageway between ventrical LV and artery CA dur- thereof which is subjected to increased compressive 
ing diastole to allow blood to flow from the ventricle pressure especially during the systolic phase of the car- 
into the artery, as indicated by arrows 14 and 16 in FIG. diac cycle. Circuit 40 is connected to a display 42 by 
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means of which the thickness of the heart wall HW is place as a coronary artery by-pass or shunt between 
communicated to a surgeon or radiologist. Stent 12 may ventricle LV and artery CA. 

then be customized to the patient The length of stent 12 The disposition of a by-pass stent as described herein- 
is matched to the measured thickness of heart wall HW above may be implemented in part via a computer pro- 
by cutting the stent from a provided stent segment. 5 grammed to enable the timing of heart perforation, 
Alternatively, stent 12 may be selected from a kit of catheter or stent insertion, balloon inflation, and other 
different stent sizes. Of course, the cutting of stent 12 or operations so that those operations are performed only 
the selection thereof may be implemented automatically during the diastolic phase of a cardiac cycle. The pro- 
by a computer operated according to a numerical con- gramming and utilization of a computer in such a proce- 
trol program. 10 dure ^e c ^ ear to one s ^ e( * m tne fr° m ^ e 

As illustrated in FIGS. 5A-5C, in another procedure teachings of U.S. Pat. No. 4,788,975 to Shturman et al., 
for disposing stent 12 in heart wall HW, a catheter 44 disclosure of which is hereby incorporated by refer- 

with a steerable distal end 46 is maneuvered to position ence - , , _ 

distal end 46 in coronary artery CA and to place the end As shown m FI _p S * ] A 7B ' a coronary by-pass 
of the catheter into contact with heart wall HW. A ™ ™y be effectuated by disposing a stent 66 with a one- 
hollow needle 48 (FIG. 5 A) is then ejected from distal ™* valve : 68 in a heart wall HW of a patient to accor- 
end 46 of catheter 44 into heart wall HW, whereupon a dance wrfh the embodiment of HGS^TA and 7B, once 
Seldinger wire50(FIG. SB) is moved in the distal direc- stent 66 15 Ironed in heart wall HW the stent re- 
tion through catheter 44 and needle 48. Upon the pro- , A ? ams ™ a expanded configuration. Al- 

jection of the distal end of wire 50 from needle 48, 20 * 0U S h the stent may plastically deform under the con- 
jT Zu^ -» M - c 4 tractive pressure of the heart muscle during systole, the 

needte 48 is withdrawn and an auxihary catheter 52 ^ d tQ ^ blood t0 *J from ^ 

OFIG. 5B) is inserted through catheter 44 and over wire , & ^ ^ ^ ^ ^ 

50. Catheter 52 is provided with a pressure sensor as- ^ D d ^ ^ d ^ coronafy 

sembly (not shown), as discussed hereinabove with thl0Ugh shunt ^ ^ blocked by one-way valve 68 

reference to FIG. 4, for measuring the thickness of frQm returning to left ventr icle LV. 

heart wall HW. Stent ^ ^ Stalled in the patient's heart via essen- 

Upon the measurement of the thickness of heart wall daUy ^ game procedure or procedures described here- 

HW, catheter 52 is withdrawn and a balloon 54 sur- - m ^ ovt for inserting stent 12. The difference between 

rounded by stent 12 (not separately shown in FIG. 5C) 3Q the ^ of gtent n ^ ±e ^ of fitcnt ^ 

is inserted through catheter 44 and over wire 50. Upon their stnicture< Stent 12 is designed to collapse and 

a positioning of balloon 54 and stent 12 inside heart wall close during systo i C) w hile stent 66 is designed to resist 

HW, balloon 54 is inflated (FIG. 5C) to assist in an the contract ive pressure of the heart and to remain 

initial expansion of stent 12 in opposition to the com- opened during systole to permit the flow of blood 

pressive forces of the heart muscle. Upon the desired 35 through the stent into coronary artery CA'. 

disposition of stent 12, balloon 54 and wire 50 and subse- ^ iu ustra ted in FIGS. 8A and 8B, a stent 70 designed 

quently catheter 44 are withdrawn, leaving stent 12 in t0 res ist t ^ e contractive pressure of the heart and to 

place as a coronary artery by-pass or shunt between remain opened during systole comprises a plurality of 

ventricle LV and artery CA. interlocking segments 72 which overlap one another in 

As illustrated in FIGS. 6A-6C, in another procedure 40 a C0 Hapsed insertion configuration of the s tent (FIG. 

for disposing stent 12 in heart wall HW, a catheter 56 g^.). Along their longitudinally or axially extending 

with a steerable distal end 58 is maneuvered to position edges, stent segments 72 are provided with mating or 

the distal end in coronary artery CA and to place the mterdigitating fingers 74. In the insertion configuration, 

end of the catheter into contact with heart wall HW. A the projections are spaced from one another. Upon 

needle or wire 60 (FIG. 6 A) is then ejected from distal 45 insertion of stent 70 into the heart tissues and subsequent 
end 58 of catheter 56 into heart wall HW, whereupon 

a expansion of the stent by a balloon (not shown), fingers 
series of dilating catheters 62 (FIG. 6B) of progressively 74 s ]jp into an interleaved configuration, thereby lock- 
increasing diameter are inserted in the distal direction ing the stent in an opened tubular configuration which 
through catheter 56 and over needle 60 into heart wall resists collapse during the systolic contractions of the 
HW. Upon the ejection of a largest dilating catheter 62 50 heart. 

from catheter 56 so that it traverses heart wall HW, the Stent 70 is provided with valve flaps 76. Stent 70, like 
dilating catheter is withdrawn and a balloon 64 sur- stent 12 and stent 66, is made of a biocompatible mate- 
rounded by stent 12 (FIG. 6C) is inserted through cath- rial. Valve flaps may be made of similar material in with 
eter 56 and over needle or wire 60. Upon a positioning a smaller thickness. It is to be noted that stents 66 and 70 
ofballoon 64 and stent 12 inside heart wall HW, balloon 55 may deform elastically during systole. Their lengths 
64 is inflated (FIG. 6C) to assist in an initial expansion of may increase during such deformation. However, they 
stent 12 in opposition to the compressive forces of the remain sufficiently open to allow the passage of blood 
heart muscle. from the left ventricle into the coronary artery. 

Upon the measurement of the thickness of heart wall As illustrated in FIG. 9, a stent 78 for use in a bypass 

HW, catheter 52 is withdrawn and a balloon 54 sur- 60 procedure as described hereinabove includes an outer 

rounded by stent 12 (not separately shown in FIG. 6C) layer 80 of interwoven helical strands of biocompatible 

is inserted through catheter 56 and over wire 50. Upon material. An inner layer 82 is a vascular graft taken 

a positioning ofballoon 54 and stent 12 inside heart wall from the patient prior to the by-pass operation. Vascu- 

HW, balloon 54 is inflated (FIG. 6Q to assist in an lar graft layer 82 may be connected to outer layer 80, 
initial expansion of stent 12 in opposition to the com- 65 for example, by adhesive or laser welding. FIGS. 8A 

pressive forces of the heart muscle. Upon the desired and 8B also show a vascular graft layer 84 inside stent 

disposition of stent 12, balloon 54 and wire 50 and subse- segments 72. Where a graft lining is inserted in a stent 

quently catheter 56 are withdrawn, leaving stent 12 in with a valve, it may be necessary to insert two vascular 


07/06/2004, EAST Version: 1.4.1 


5,409,019 

7 8 . 

graft sections into the prosthetic device from opposite tion, thereby determining a thickness of said heart wall 

ends thereof. at said perforation, and cutting said stent from a piece of 

Although the invention has been described in terms stent material so that said stent has a length correspond- 

of particular embodiments and applications, one of ordi- ing to the thickness of said heart wall at said perfora- 

nary skill in the art, in light of this teaching, can gener- 5 tion. 

ate additional embodiments and modifications without 8. The method defined in claim 3 wherein said step of 

departing from the spirit of or exceeding the scope of forming includes the step of ejecting a needle into said 

the claimed invention. For example, other equivalent wall from said distal end of said catheter, 

techniques may be used for measuring the thickness of 9. The method defined in claim 3 wherein said step of 

heart wall HW or determining an appropriate length of 10 forming includes the steps of pushing a drill head into 

stent 12. A "measuring rod" of a predetermined length said wall from said distal end of said catheter and rotat- 

may be inserted through the angioplasty catheter. A ing said drill head during said step of pushing, 

computer connected to a CAT-scanner, an MRI ma- 10. The method defined in claim 3 wherein said steps 

chine or other imaging device then automatically deter- of forming and ejecting are implemented during dias- 

mine heart wall thickness by comparing the dimensions 15 tole. 

thereof to the known length of the "measuring rod." 11. The method defined in claim 3, further compris- 

It is to be noted that several stents in accordance with ing the step of operating a computer to synchronize said 

the present invention may be disposed in the heart wall steps of forming and ejecting with the rhythm of said 

of a single heart, thereby connecting the left ventricle to heart 

one or more points along a coronary artery or to several 20 12. The method defined in claim 1 wherein said stent 

arteries during the diastolic phase of a cardiac cycle. has an inherent spring bias tending to form the stent into 

Accordingly, it is to be understood that the drawings said opened configuration, further comprising the steps 

and descriptions herein are profferred by way of exam- of opening said stent and thereby allowing blood to 

pie to facilitate comprehension of the invention and flow from said left ventricle into the coronary artery 

should not be construed to limit the scope thereof. 25 during diastole and closing said stent by heart contrac- 

What is claimed is: tion during systole. 

1. A cardiovascular treatment method comprising the 13. The method defined in claim 1 wherein said stent 
steps of: is provided with a one-way valve, further comprising 

providing a stent made of a biocompatible material; the steps of: 

moving said stent in a collapsed configuration 30 mamtaining said stent expanded in said opened con- 
through a blood vessel of a patient's vascular sys- figuration during both diastole and systole upon 
tern to a coronary artery; completion of said step of expanding; 

upon the disposition of said stent in said coronary permitting flow from said left ventricle into said cor- 

artery, disposing said stent in a wall of the patient's onary artery through said stent during systole; and 

heart so that said stent extends between the left 35 blocking flow from said coronary artery back into 

ventricle of the heart and the coronary artery and said left ventricle through said valve during dias- 

extends only within said wall; and tole. 

upon the disposition of said stent in said wall, expand- 14. A method for supplying blood to the heart, com- 
ing said stent from said collapsed configuration to a prising the steps of: 

substantially tubular expanded configuration so 40 during systole, forcing blood from the left ventricle 

that a flow path is formed from the left ventricle to of the heart and directly into a coronary artery 

the coronary artery. through a stent disposed in a wall of the heart; and 

2. The method defined in claim 1 wherein said step of during diastole, closing a valve in said stent to block 
disposing includes the steps of inserting a catheter into a return of blood from said coronary artery into 
the coronary artery and ejecting said stent from a distal 45 said left ventricle. 

end of said catheter into said wall. 15. A cardiovascular treatment method comprising 

3. The method defined in claim 2 wherein said step of the steps of; 

disposing further includes the step of forming a perfora- providing a stent made of a biocompatible material 

tion in said wall prior to said step of ejecting. and provided with a one-way valve; 

4. The method defined in claim 3 wherein said step of 50 moving said stent in a collapsed configuration 
disposing also includes the steps of ejecting a collapsed through a blood vessel of a patient's vascular sys- 
inflatable balloon with said stent into said wall from said tern to a coronary artery; 

distal end of said catheter, said stent surrounding said upon the disposition of said stent in said coronary 

balloon, and inflating said balloon and opening said artery, disposing said stent in a wall of the patient's 

stent upon ejection of said balloon and said stent into 55 heart so that said stent extends between the left 

said wall. ventricle of the heart and the coronary artery and 

5. The method defined in claim 4 wherein said steps so that said one-way valve prevents flow from said 
of inflating and opening are performed during diastole. coronary artery into said left ventricle, said stent 

6; The method defined in claim 4 wherein said bal- being essentially coextensive with said wall upon 

loon and said stent are inserted into said wall over a 60 disposition of said stent in said wall so that said 

guide wire, further including the step of inserting said stent extends only within said wall and does not 

guide wire into said perforation prior to the ejection of extend into the left ventricle or the coronary ar- 

said collapsed balloon and said stent from said distal end tery; and 

of said catheter. upon the disposition of said stent in said wall, expand- 

7. The method defined in claim 3, further comprising 65 ing said stent from said collapsed configuration to a 

the steps of inserting a distal end portion of said catheter substantially tubular permanently expanded config- 

into said perforation prior to said step of ejecting, sens- uration so that a flow path is formed from the left 

ing pressure on said catheter along said distal end por- ventricle to the coronary artery. 
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16. The method defined in claim 15 wherein said step 
of disposing includes the steps of inserting a catheter 
into the coronary artery and ejecting said stent from a 
distal end of said catheter into said wall. 

17. The method defined in claim 16 wherein said step 
of disposing further includes the step of forming a per- 
foration in said wall prior to said step of ejecting. 

18. The method defined in claim 17 wherein said step 


10 


of disposing also includes the steps of ejecting a col- 
lapsed inflatable balloon with said stent into said wall 
from said distal end of said catheter, said stent surround- 
ing said balloon, and inflating said balloon and opening 
said stent upon ejection of said balloon and said stent 
into said wall. 
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